Purpose: The addition of midostaurin to standard chemotherapy (cytarabine and daunorubicin) has shown significant improvements in the survival of patients with acute myeloid leukemia with the FLT3 mutation (FLT3-AML). The objective of this study was to determine whether this intervention would be cost-effective in Spain. Methods: A partitioned survival model with five health states was developed (diagnosis and induction, complete remission, no complete remission, transplantation and death). A lifetime time horizon and the Spanish National Health System perspective were adopted. During the first three years, permanence in the different health states was determined according to the results of the RATIFY study. In successive years, the death rates of the Spanish population adjusted by a factor to reflect long-term disease-related mortality were used. Utilities were obtained from the literature. Pharmacological costs (first and second line) and the costs of other health resources (hospitalizations, visits and tests) were included. The robustness of the model was evaluated by deterministic and probabilistic sensitivity analyses. Results: The addition of midostaurin resulted in 1.46 life years gained (LYG) and 1.23 quality-adjusted life years (QALY) gained and implied an additional cost of € 47,955, resulting in an incremental cost-effectiveness ratio (ICER) of € 32,854/LYG and an incremental cost-utility ratio of € 38,985/QALY. In the univariate sensitivity analysis, the threshold of € 50,000/QALY was not exceeded in any case; taking into consideration potential discounts of 20-40% in the PVL of midostaurin the ICER would be below € 30,000/QALY, a commonly accepted threshold in Spain. In the probabilistic analysis, when the threshold was € 50,000/QALY, midostaurin was cost-effective in 82.3% of simulations.
Introduction
Acute myeloid leukemia (AML) is a heterogeneous hematologic malignancy characterized by the clonal expansion of myeloid blasts in peripheral blood, bone marrow and/or other tissues. 1 AML is the most frequent type of acute leukemia in adults (5-8 cases per year per 100,000 persons) 2 and leads to 4-6 deaths annually per 100,000 persons. 3 Although the etiology of the disease is unknown, numerous cytogenetic and molecular abnormalities that have implications for the prognosis and treatment have been identified. These include mutations in the gene that encodes FMS-like tyrosine kinase 3 (FLT3), which occur in approximately one third of patients with AML (FLT3-AML) and result in a poor prognosis. 3 The therapeutic management of FLT3-AML depends fundamentally on the patient's physical state, which determines whether they can receive intensive chemotherapy, and the cytogenetic/molecular profile of the disease, which determines the prognosis and the risk of relapse. 1, 4 Candidate patients for intensive chemotherapy generally receive induction treatment with cytarabine and an anthracycline (daunorubicin or idarubicin), followed by consolidation strategies based on the use of high-dose cytarabine. 1 Chemotherapy may be followed by allogeneic hematopoietic stem cell transplantation (HSCT) when the patient has intermediate or high risk genetics and the benefit-risk balance is in favor of HSCT. 1 In general, allogeneic HSCT is recommended in patients with an expected incidence of relapse of >35-40%. 1 Midostaurin is an inhibitor of multiple kinases, including FLT3. One indication for midostaurin is the treatment of adult patients with newly diagnosed FLT3-AML, in combination with standard induction (daunorubicin and cytarabine) and consolidation (high dose cytarabine) chemotherapy, followed by midostaurin monotherapy as maintenance treatment in patients who have achieved a complete response. 5 In the RATIFY study, a randomized, double-blind, phase III clinical trial which included 717 patients, the addition of midostaurin to standard treatment provided significant reductions in the risk of death (hazard ratio [HR] = 0.78; 95% CI = 0.63-0.96, p = 0.009) and events (HR = 0.78, 95% CI = 0.66-0.93, p = 0.002). 6 The use of midostaurin also increased the rate of complete remission (CR) when all-reported CRs within 30 days after the end of treatment were considered (68% vs 59%, P = 0.04). 4 The objective of this study was to determine whether the addition of midostaurin to standard induction chemotherapy and consolidation with cytarabine and daunorubicin, followed by maintenance treatment with midostaurin monotherapy, would be a cost-effective intervention compared with standard chemotherapy induction and consolidation therapy in patients with FLT3-AML in Spain.
Materials And Methods
An economic evaluation was carried out, including costeffectiveness and cost-utility analyses, adopting the Spanish National Health System perspective and considering only direct health costs.
To capture all the costs and benefits of the introduction of midostaurin in the treatment of FLT3-AML, a lifetime time horizon was adopted. A discount rate of 3% per year was applied to costs and benefits, as recommended by national pharmacoeconomic guidelines when the time horizon of the analysis is > 1 year. 7, 8 The model is an adaptation of the model presented to NICE, 9 and adaptations of this model were also submitted to CADTH 10 and HAS. 11 NICE recommendations on the economic evaluation of midostaurin 9 and the opinion of a panel of Spanish clinical experts were taken into account when carrying out the analysis.
Patients
A population with the same clinical characteristics as the RATIFY study population was analyzed − adult patients with recently diagnosed FLT3-AML who were candidates for standard chemotherapy. In the RATIFY study, the mean age at diagnosis was 47.9 years and 55.5% of patients were female. The baseline characteristics of the patients included in the RATIFY study are described elsewhere 6 and are summarized in the supplementary material (Table S1 ).
Therapy
In the base case, the therapeutic alternatives considered in the RATIFY study were compared. 6 Taking into account the study protocol, a maximum duration of 2 cycles was established for the induction phase, 4 cycles for the consolidation phase and 12 cycles for the maintenance phase. 5, 6 The proportion of patients achieving each treatment cycle within the RATIFY study is shown in Figure S2 . Additionally, it was considered that all patients who did not respond or relapsed after first-line treatment would receive salvage treatment. Based on the opinion of a panel of experts, it was considered that 75% of patients would receive a cycle of fludarabine, cytarabine and idarubicin (FLAG-IDA) and that the remaining 25% would receive a cycle of mitoxantrone, etoposide and cytarabine (MEC).
The regimens and doses of the therapies considered in each treatment phase are described in Table 1 . For the induction, consolidation and maintenance treatments, the regimens, doses and durations of treatment observed in the RATIFY clinical trial 6 were adopted. For the other treatments, the most frequent regimens and doses in clinical practice (validated by clinical experts) were adopted.
Analysis
We used a partitioned survival model with five health states ("diagnosis and induction", "complete remission", "no complete remission", "HSCT" and "death"). The proportion of patients occupying each health state was derived directly from cumulative survival probabilities and was determined by the area under the curves fitted to the RATIFY trial outcomes. The structure of the model is shown in Figure 1 . During the first three years of the model, mortality was estimated from the uncensored overall survival transplant curves in the RATIFY study. 6 From the fourth year, following the recommendations issued by a panel of clinical experts, mortality was estimated based on the mortality rate of the Spanish general population, 12 applying an adjustment (15% higher than that of the general population).
Effectiveness
Effectiveness was measured in life years gained (LYG) and quality-adjusted life years (QALY). LYG were estimated from the overall survival data observed in the RATIFY study. QALYs were estimated by multiplying the time patients spent in each health state by the utility associated with the state and the treatment phase. Most utilities were obtained from the literature [13] [14] [15] [16] [17] except the utility associated with the state of relapse, which was calculated according to NICE recommendations. Utilities were validated by a committee of Spanish clinical experts and were represented with a value between 0 and 1, where 0 represents a state of health similar to death and 1 a state of perfect health. Table 2 shows the utilities included in the model. Notes: a Included in the sensitivity analysis. In the opinion of experts, regimens based on cytarabine and idarubicin are common in Spain as induction therapy, so a sensitivity analysis was also carried out in which the costs of induction treatment with idarubicin and daunorubicin were included.
Use Of Resources And Health Costs
The costs of first and second line pharmacological therapies and the costs of other health resources (hospitalizations, day hospital visits, emergency room visits, specialist visits, tests) were included. All costs were expressed in 2017 euros.
Costs derived from the management of adverse events were not considered since, in the opinion of the experts, the introduction of midostaurin would not imply any relevant change in the incidence of adverse events, and that most adverse events would occur during induction and consolidation and would thus already be included in the cost of hospital admission. Even during the maintenance phase, the most frequent grade 3 or 4 adverse events (absolute neutrophil count and leukopenia) occurred at similar rates in patients treated with midostaurin or with placebo;
5 thus a similar use of resources at all stages for both treatment arms.
Pharmacological Costs
The cost of the treatments was estimated from the mean exfactory price (in Spanish "Precio de Venta de Laboratorio" or PVL) of each drug in the database of the General Council of Official Associations of Pharmacists (in Spanish "Consejo General de Colegios Oficiales de Farmacéuticos" or CGCOF) 18 after applying the discount according to Royal Decree Law (RDL) 8/2010 19 (Table 3) , and adopting the regimens, doses and timings described in Table 1 . Following the recommendation of the panel of clinical experts, all calculations were made taking into account the use of complete vials, using the combination of vials that provided the dose closest to the dose required for an average patient with a body surface of 1.7 m 2 . Table 4 shows the cost per treatment cycle.
Costs Of Non-Pharmacological Health Resources
During the first three years of stay in the model, the costs of non-pharmacological health resources were estimated from the use of resources in the different treatment states and phases. The use of resources in each health state was defined by a panel of clinical experts and the unit costs of health resources were obtained from the eSalud database 20 ( Table 5) .
Before starting treatment, it was considered that all patients would undergo a diagnostic test to detect FLT3 mutations. Included in the sensitivity analysis. In the opinion of experts, the schemes based on the use of cytarabine and idarubicin are also common in Spain induction, so a sensitivity analysis was also carried out in which the costs of the induction treatment with idarubicin and daunorubicin were considered. Abbreviations: GPE, Generic Pharmaceutical Equivalent; PVL, ex-factory price; RDL, Royal Decree Law. Notes: a In the opinion of experts, regimens based on cytarabine and idarubicin are also common in induction therapy in Spain, so a sensitivity analysis was carried out that included the costs of induction therapy with idarubicin and daunorubicin. 
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Taking into account the opinion of clinical experts, it was considered that all patients would be hospitalized during the induction phase. In the consolidation phase, it was considered that 80% of patients would be hospitalized to receive the treatment and that the remaining 20% would receive treatment in a day hospital -with a mean of 8 visits per cycle -and would be admitted for a mean of 5 days for possible complications.
The costs per day of hospitalizations in the "complete remission" and "no complete remission" states were calculated using the mean stay for these admissions included in the 'Conjunto Mínimo Básico de datos' (CMBD) database. 21 The use of resources used in the states of complete remission and no complete remission are detailed in Table 6 .
Finally, it was considered that patients who received an allogeneic HSCT would be hospitalized during the entire transplant process and would make a subsequent follow-up specialist visit in each cycle during the first three years.
According to the NICE recommendations, it was assumed that patients who remained in the model after three years would be considered cured and would not incur additional costs from then onwards. 9 
Sensitivity Analysis
A univariate deterministic analysis was performed to evaluate the effect of variations in the variables with greater uncertainty. The variables included in this analysis are shown in Table 7 .
Discount rates for the costs and benefits of 0% and 5%, respectively, were applied according to the recommendations of the main national pharmacoeconomic guidelines. 7, 8 Following the recommendations of clinical experts, the effect of substituting daunorubicin for idarubicin for first line therapy was also evaluated. In addition, according to the NICE recommendations 9 the following sensitivity analyses were carried out: consider a utility in the state of non-complete remission lower than that considered in the base case (from 0.780 to 0.655) to reflect the lower utility of patients receiving a second line of treatment; move the cure point (located in the fourth year of permanence in the model in the base case) to 6.2 years (80 cycles) in line with the follow-up period of the RATIFY study; adjust the mortality rate after the fourth year in the model, considering a scenario where the mortality from that year onwards was equal to that of the general population and a scenario where this rate doubled. Additionally, potential reductions in the PVL of midostaurin (−20%, −30% and −40%), increases in the cost of HSCT (scenarios where the cost of HSCT would be equivalent to the cost of the Diagnosis-Related Group (DRG) associated with allogeneic transplantation and the highest cost of allogeneic HSCT in eSalud, respectively) and a modification of ±20% in the cost items (pharmacological costs of second line therapy, mortality costs and non-pharmacological health costs during first line treatment) were analyzed.
Finally, a probabilistic sensitivity analysis was carried out by performing 1,000 simulations using the MonteCarlo method; in this analysis, a log-normal distribution was used for the costs, duration of second line therapy, patients' body surface area and efficacy variables; a gamma distribution for utilities; and beta distributions for pharmacological doses and duration of first line therapy.
Results
The addition of midostaurin to standard chemotherapy in the treatment of patients with FLT3-AML provided an additional gain in effectiveness over standard chemotherapy. This gain translated into 1.46 LYG and 1.23 QALY gained (Table 8) . Outcomes during the first 120 cycles are shown in Figure S1 . Treatment with midostaurin involved an additional cost of € 47,955 versus the comparator. The main cost determinants in the two treatments compared were the costs associated with non-pharmacological health resources, especially hospitalization costs. Although, during treatment, these costs were slightly higher for midostaurin than for the comparator (€ 66,568 vs € 60,439), after treatment the hospitalization costs were considerably lower for midostaurin (€ 40,230 vs € 60,935), mainly due to a reduction in the costs of relapses versus the comparator (€ 21,703 vs € 39,256). This resulted in a total cost of non-pharmacological health resources that was approximately € 15,000 lower for midostaurin versus the comparator (Table 8) .
The greatest between-group difference in costs was in the pharmacological costs (€ 61,250 vs € 1,798), which were higher in the midostaurin group in all treatment phases except for second line therapy. From the total drug costs incurred by the patients in the midostaurin group, € 7,973 were associated to the induction phase, € 12,881 to consolidation and € 39,870 to the maintenance treatment while € 527 were second line therapy costs ( Table 8) .
The reductions in costs associated with mortality (€ 5,082 vs € 5,413), together with the reductions in the costs of non-pharmacological health resources, partially offset the increases in pharmacological costs and in the costs associated with HSCT in patients treated with midostaurin (Table 8 ). In the base case, the incre- The highest cost of allogeneic HSCT found in the available evidence (eSalud). 18 e In keeping with the follow-up time in the RATIFY study.
f Based on expert opinion. Abbreviation: PVL, ex-factory price.
mental cost-utility ratio (ICUR) for midostaurin and chemotherapy treatment was € 38,985/QALY.
The univariate sensitivity analysis (Figure 2 ) showed that the results of the model are robust. In addition, the application of potential discounts to the PVL of midostaurin produced cost-effectiveness results below € 30,000/ QALY; a 20% discount in the PVL of midostaurin translated the RCUI into € 29,326/QALY, while RCUIs of € 24,496/QALY and € 19,666/QALY were obtained under discounts of 30% and 40%, respectively. The results of the probabilistic sensitivity analysis show that, when the efficiency threshold was set at € 50,000/QALY, treatment with midostaurin was a cost-effective option in 82.3% of the simulations (Figure 3 ).
Discussion
Currently, induction and consolidation therapy followed by allogeneic HSCT constitute the basis of the management of intermediate or high risk FLT3-AML. Although this treatment is intended to cure, the prognosis of the disease remains poor, especially in patients refractory to primary treatment and in those who, despite meeting eligibility criteria to receive an allogeneic HSCT, cannot receive it or cannot receive it in optimal conditions as they have not achieved CR after first line therapy. 22 Improving clinical outcomes in first line therapy is an unmet medical need in the management of FLT3-AML. Midostaurin is the first targeted treatment which, in combination with standard induction and consolidation chemotherapy and as maintenance therapy after induction and consolidation, has shown benefits in the survival of patients with newly-diagnosed FLT3-AML. 6 Our results
show that the addition of midostaurin to standard chemotherapy based on cytarabine and daunorubicin, followed by maintenance treatment with midostaurin, could be a cost-effective intervention in Spain.
In the base case, it was estimated that the introduction of midostaurin would produce gains of 1.46 LYG, 1.23 QALYs and an additional cost of € 47,955, resulting in an incremental cost-effectiveness ratio (ICER) of € 32,854/LYG and an ICUR of € 38,985/QALY. These results are similar to those observed in the economic evaluations of midostaurin in Canada and the United Kingdom, in which ICURs of $ 66,937 and £ 34,327 were observed, respectively. Both the ICER and the ICUR are below the thresholds used in orphan diseases in Spain, 2 which may exceed € 100,000/QALY, 25, 26 and below the efficiency thresholds stipulated by the World Health Organization (WHO), which is up to three times the gross domestic product per capita in Spain (77,400 €/QALY).
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The deterministic and probabilistic sensitivity analyses demonstrate the robustness of the results. In the deterministic analysis, when a discount between 20% and 40% was applied to the price of midostaurin and discounts on benefits and costs were not taken into account, the ICUR was below a threshold of € 30,000/QALY, which is a commonly accepted threshold in Spain. 28 In addition, taking into account the potential of midostaurin to increase the proportion of patients who are transplanted, the robustness of the results with respect to the variations in the cost of HSCT is also especially relevant. When the costs of the intervention were doubled (using a unit cost of > € 110,000), the results would still remain below € 42,000/QALY.
In the probabilistic analysis, treatment would continue to be a cost-effective intervention in 82.3% of the simulations if a threshold of € 50,000/QALY was considered (Figure 3) .
Given the lack of published evidence, it is difficult to compare the efficiency of midostaurin with that of interventions used in the management of other hematologic neoplasms in Spain.
Our results also show that using midostaurin in combination with standard induction and consolidation chemotherapy would help to improve the efficiency of these processes, which are very expensive due to the high costs incurred by hospitalizations for treatment. The results also show that increases in pharmacological costs due to the introduction of midostaurin would be partially compensated by cost reductions in the management of relapses, and especially by reductions in hospitalizations to receive second line therapy. Although a front-line allogeneic HSCT is generally recommended in FLT3-AML patients, especially in those with higher risk disease, a large proportion of patients cannot finally be transplanted because there is no compatible donor or for other reasons. In the RATIFY study, both transplant and non-transplant patients benefited from the introduction of midostaurin. Therefore, maintenance treatment with midostaurin, in addition to promoting CR and possible HSCT in CR, would be a treatment option in patients who have CR after induction and consolidation and have an indication for allogeneic HSCT but cannot receive it, as well as for those with low-intermediate risk of relapse.
As it is an orally-administered treatment with a good safety and tolerability profile, the costs of maintenance treatment with midostaurin are limited to the pharmacological costs. Taking into account the treatment times observed in the RATIFY study, it may be estimated that, in an average patient, the cost of complete treatment with midostaurin would be around € 60,000, of which € 40,000 would correspond to the maintenance phase. In any case, it is worth noting that, while this study has considered the midostaurin treatment costs for all the phases included in the RATIFY study and approved by the EMA (induction, consolidation and maintenance), the maintenance phase is not currently reimbursed in Spain. Therefore, in clinical practice, patients would only incur the pharmacological costs of induction and consolidation. Further research is needed to determine the cost-effectiveness of midostaurin when the maintenance phase is omitted.
When comparing two potentially curative interventions, and in line with the recommendations of pharmacoeconomic guidelines, our study adopted a lifetime time horizon. The availability of long-term overall survival and disease-free survival results from the RATIFY study shows that the curves reached a plateau approximately three years after study initiation, confirming that patients who remained alive would be virtually cured. In addition, when the cure point was delayed to 6.2 years (maximum follow-up of the RATIFY study), the ICUR results are even more favorable than in the base case (€ 33,085/ QALY), which suggests that the establishment of a cure point at three years is a conservative assumption for midostaurin with respect to the comparator and that the efficiency of midostaurin could extend beyond the maximum follow-up time observed in the clinical trial.
This study incorporated the main NICE recommendations based on the authorization process of midostaurin in the United Kingdom. This reinforces the validity and reliability of the model and its alignment with the requirements of one of the main European health technology agencies. However, the study has some limitations. One limitation is that only the direct costs of the disease and its treatment were analyzed, since the associated indirect costs should be taken into account in patients with FLT3-AML, especially those who relapse or receive HSCT. Although, according to economic evaluation guidelines, the social perspective is the most appropriate, 7 the perspective most commonly used in GENESIS reports 8 and in the cost-effectiveness analyses published for other drugs indicated for hematologic neoplasms in Spain 29, 30 is that of the Spanish National Health System. Another limitation is the lack of quality of life results in patients treated with midostaurin or the comparator, which forced us to use utility values collected from the literature. However, in a sensitivity analysis in which the utility associated with relapse was reduced, the results of the ICUR were more favorable than those observed in the base case. Finally, our analysis considered that the toxicity profile of midostaurin was similar to that of the comparator. Therefore, data on adverse events were not included. However, NICE considered it important to take into account the adverse events derived from HSCT, given that certain events, such as graft-versus-host disease, could have a significant impact on the results. Further research on this area is needed to ascertain the economic implications of HSCT-related adverse events.
Conclusions
This study shows that midostaurin, in combination with standard chemotherapy, is emerging as an efficient alternative for the treatment of recently-diagnosed FLT3-AML in Spain. According to our modeling, the introduction of midostaurin could reduce the costs associated with disease relapse and improve both life expectancy and quality of life of Spanish patients with FLT3-AML. 
